Fluctuation of the nucleotide pools in a flavinogenic and a nonflavino genic strains of Eremothecium ashbyii was followed by using column chromatography with an anion exchanger, and effects of purine bases on the pools were tested throughout the growth cycle. 1) Contents of the nucleotides in the flavinogenic strain were detected to be maximum at 1 day culture prior to the growth maximum (2 days culture), while in the nonflavinogenic strain the largest pools were ob served after 4 days culture, corresponded to the growth maximum. After 1 day cultivation the pools in the former strain shrank rapidly with the culture time: this was remarkable for ATP pool.
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2) It was found in the flavinogenic fungus that GMP pool decreased more slowly than AMP pool at the exponential stage of riboflavin for mation.
3) Addition of purine bases into the culture media resulted in expantion of ATP pool and simultaneous shrink of AMP pool in the flavinogenic strain, although sum of the contents of adenosine nucleotides remained almost constant. However, such phenomenon was not observed in the nonflavinogenic strain. 4) Growth maximum of the nonflavinogenic fungus was obtained at 4 days culture, but riboflavin was synthesized with the maximum yield after 7 days cultivation. Committee (October 1971). 29 bases can be synthesized de novo in their nucleotide forms (1) and also incorporated without degradation into the skeleton of the vitamin (2) (3) (4) . The dynamic aspects of the relationship, however, have never been explored in detail. In this work with a favinogenic and nonfavinogenic fungi, both strains of Eremothecium ashbyii, an attempt was made to elucidate the correlation of vitamin synthesis with changes in the nucleotide pools during fungal development and the effect of exogenous purine bases on the pools. 1. General patterns of nucleotide pools with growth of a flavinogenic strain of E. ashbyii
The three chromatograms in Fig. 1 show typical profiles of column chromato graphy of the acid soluble fractions from a flavinogenic strain of E. ashbyii. The 1-day cultured mycelia (log phase) contained more nucleotides than the 3 and 6-day cultured mycelia did. Especially compared with other nucleotides, nucleo tides such as AMP, ATP, ADP, and UDP-gal showed higher contents. Con versely, fractions of riboflavin derivatives were observed in only small amounts. Flavin mononucleotide (FMN) could not be detected. In the mycelia after 3 days fermentation, at which time autolysis of the cell and riboflavin formation had begun, a marked decrease in the nucleotide pools resulted. Such a tendency was especially marked with ATP and GTP pools. Simultaneously, free flavin and FAD were accumulated in large amounts within cells. After 6 days of fermentation, at which time riboflavin formation attained the maximum yields, there was a drastic reduction in the nucleotide contents but a large increase of free vitamin and of FAD pools. It is to be noted that the NAD pool showed only a moderate decrease throughout the life cycle.
The relationship between the nucleotide pools and the life cycle is given in Table 1 for adenosine nucleotides and NAD. An extreme drop in the ATP pool was brought about after the maximum growth, and the pool was drained off at the last stage of the life cycle. There was a change in ratio among AMP, ADP and ATP pools, the ratio of ATP/AMP reducing with growth. Using rough calculations from data shown in Fig. 1 and other experiments not reported in this paper, the sum of the AMP, GMP, and IMP found on the chromatogram and the ratio of GMP/AMP are plotted against culture days as seen in Fig. 2 . These data indicate that the maximum amounts of purine nucleoside mono phosphates are observed at 1 day, corresponding to the logarithmic phase of growth, and thereafter they rapidly decrease linearly until 4 days, at which time the mycelia are almost completely autolyzed but the riboflavin content shows values near the maximum yeilds (17) .O n the other hand, the values of GMP/AMP were maximum at 3 days, which corresponded to the logarithmic phase of riboflavin production, unlike the sum of purine nucleoside monophosphates. After 4 days of cultivation near the cessa tion of riboflavin formation the ratio decreased almost to the starting values of 1 day. This indicates different rates of reduction of GMP and AMP with flavino genesis and also indicates that, especially in the exponential phase of riboflavin formation, the reduction of the GMP pool proceeds at a slower rate than that of the AMP pool. Accordingly, the linear reduction of AMP, GMP, and IMP 2. Effects of purines on the nucleotide pools in a flavinogenic strain of E. ashbyii Figure 3 shows the effects of the addition of adenine and xanthine on the nucleotide compositions in 2-day cultured mycelia of a flavinogenic strain kept at maximum growth rate. As shown in this figure, the addition elicited a marked increase in ATP level. Conspicuous influence of the addition, however, was not observed in the general chromatographic patterns of other nucleotides except ATP and AMP. This phenomenon was also induced to varied extents by other purines such as guanine and hypoxanthine. These relations are quantitatively represented in Table 2 , in which the concentrations of nucleotides are expressed as relative values against those of NAD. The total amounts of adenosine nucleotides did not undergo an extreme change. However, the ratio of AMP, ADP and ATP was found to be altered. For all purines added the values of ATP/AMP increased. Xanthine was the most effective among the purines in increasing the ratio, in which the amount of ATP was about tenfold the amount of AMP.
This increasing effect by purines were observed in the decreasing order of xanthine, guanine, adenine, and hypoxanthine. In the case of hypoxanthine, the ratio was shown to be only 2 times. Table 2 . Effect of purines on relative amounts of adenosine nucleotides in E. ashbyii.
The relative amounts were calculated from Fig, 3 and data not described in this paper. a ƒÊmoles as AMP .
3. Changes of nucleotide pools with growth of a nonflavinogenic strain of E. ashbyii and effects of purines on these pools The fluctuation of the nucleotide pools was studied in the nonflavinogenic strain in the same way as in the flavinogenic strain. However, the fermentational features of the nonflavinogenic strain are distinguishable from the flavinogenic strain even under the same cultural conditions. Figure 4 fl avinogenic strain, being only 1/14th of that of the flavinogenic strain . The pH curve followed the same pattern as that of the flavinogenic strain. In conclusion, it was found that the nonflavinogenic strain has a slower growth rate and trace yields of the vitamin in comparison with the flavinogenic strain. Next, the dynamic changes of the nucleotide pools in the nonflavinogenic strain under these cultural conditions were examined to detect substantial differences from the flavinogenic strain. The results are shown in Fig. 5 , from which it can be seen that the general appearance of chromatograms in the nonflavinogenic SUZUKI, and K. NAKAJIMA The same experiments as in Fig. 1 and Fig. 3 were done for a nonflavinogepic strain.
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strain differed noticeably from those of the flavinogenic strain in that total nu cleotide content of 4-day culture at the growth maximum is higher than that of 2-day culture at the exponential phase of growth. This indicates a good cor respondence between the stage of maximum growth and the stage of largest nucleotide pools in the nonflavinogenic strain. Table 3 . Effect of xanthine on relative amounts of adenosine nucleotides in a nonflavinogenic strain of E. ashbyii.
The relative amounts were calculated from Fig. 5 .
a ƒÊmoles as AMP .
The relative amounts of the pools of adenosine nucleotides and NAD are given in Table 3 , which indicates more clearly the difference in the nucleotide pool changes with cultivation times in the two strains.
Furthermore, the effects of exogenous purines on the nucleotide pools of the nonflavinogenic strain were examined at 4 days culture (growth maximum). However, as seen in Fig. 5 , the noticeable effects of purines found at the growth maximum of 2 days culture in the flavinogenic strain were not observed. Table 3 demonstrates in more detail that the addition of xanthine did not cause an increase of the ATP pool accompanied by a decrease of the AMP pool, as detected in the flavinogenic strain, but total adenosine nucleotide pools were almost unchanged.
DISCUSSION
It may be seen from the experiments described above that the stage of the maximal amounts of nucleotides coincides with the stage of maximal growth in the nonflavinogenic strain, and in the flavinogenic strain, the maximal pools of nucleotides were achieved about 1 day before the maximal growth stage. How ever, riboflavin production started simultaneously with the decrease of the nu cleotide pools in the flavinogenic strain (Figs. 1, 2) . These results indicate that in the case of the flavinogenic strain, neither nucleotide synthesis nor riboflavin production are coupled to the growth, but the decrease of the nucleotide pool and the increase of riboflavin formation seem to be closely related. Since the maximum content of nucleotides is reached a considerable time before the maximum growth of this strongly flavinogenic strain, the mycelia are possibly preparing for rapid riboflavin production 2 or 3 days after cultivation.O n the other hand, it has been clarified in Candida utilis (18) , Chlorella (19) , and Bacillus (20) that the purines added to the cultural medium first enter into an intracellular purine pool and then into a nucleotide pool. Thus, the exogenous purines in the flavinogenic strain may proceed through the same metabolic path way. Accordingly, exogenous purines would be converted to riboflavin through one of various nucleotides. This theory is supported by the physiological features of the flavinogenic strain and by the results of resting cell of E. ashbyii (21) . Therefore, accumulation of some nucleotides might be expected on a column chromatogram.
However, no noticeable accumulation of nucleotides or other purine derivatives was observed during the growth, as seen in Fig. 1 . This may be attributed to the fact that this mold has the same rigid regulatory mechanism in its nucleotide pools as the above-mentioned species (18) (19) (20) in spite of its high fl avinogenic capacity. In fact, this is supported by the fact that the total content of adenosine nucleotide pools remains constant even after addition of purines (see Table 2 ). However, when purines are added to the medium , a significant increase in the ATP fraction of the total adenosine nucleotide pools was observed in 2-day-old mycelia of the flavinogenic strain only. Since xanthine, which gave the highest riboflavin production (21, 23) , brought about the most dynamic localization of ATP in the adenosine nucleotide pool (Table 2) , it is quite conceivable that the ATP has a close association with flavinogenesis. This phenomenon raises the question of how the ATP is related to the riboflavin formation in this mold.
One simple answer is that ATP may act as a more effective precursor of riboflavin than any other purine derivative. According to this postulate , the addition of adenine into the medium should stimulate riboflavin production most effectively because exogenous adenine seems to be easily incorporated into the cell and converted to ATP in growing cells (20, 22) . However , the stimulating effect of adenine is weaker than those of other purines (21 , 23) . Therefore, it is difficult to conclude that ATP acts as a precursor of riboflavin . Further evidence against this theory comes from the fact that GTP-not ATP-is the precursor involved in the biosynthetic pathway of toxoflavin (24) and various pteridines (25 27) , which have structures similar to lumazine, the most immediate precursor of riboflavin.
In view of the ingenious regulatory modes of ATP in nucleotide interconver sion (20, (28) (29) (30) , it is suggested that the localization of ATP in the adenosine nucleotide pools may play a role in the regulatory mechanism of the nucleotide pools closely related to the biosynthesis of riboflavin. WILSON (31) suggested that the rigid regulatory mechanism of a vitamin and its coenzyme synthesis might be attributed to the repression of the enzymes participating in the synthesis .
However, it is conceivable that the enzymes participating in riboflavin biosyn thesis have already been synthesized 1 day after cultivation , as seen for riboflavin synthetase (32) . Furthermore, the building blocks necessary for riboflavin syn thesis, that is purine derivatives, have also been completely prepared after 1 day in the flavinogenic strain ( Fig. 1 and Table 1 ). Thus, it is improbable that in this strain the enzymes in this pathway are synthesized explosively by depression at the phase of autolysis.
Accordingly, the authors propose that the synthesis of this vitamin and its coenzymes may be regulated by shifts of purine nucleotide pools in E. ashbyii. Another reason for this proposal is the fact that the reaction rate of GTP cyclohy drolase in the removal of C (8) from the purine, a reaction quite similar to the ribo fl avin biosynthetic mechanism, is not affected by various agents (33, 34) .
If this view is accepted the question arises as to which pathways are specifical ly regulated by ATP. However, because ATP functions as a regulator of many pathways in purine nucleotide pools, further studies must be conducted in future.
